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(57) ABSTRACT

Disclosed is an uplink power control method, which is used
for realizing power control over uplink channels with dif-
ferent uplink transmission times so as to ensure that the total
transmit power of terminal equipment in a sub-frame does
not exceed maximum transmit power and that a system can
work normally. The method comprises the following steps:
the terminal equipment determines the target transmit power
of each uplink channel/signal transmitted in a current uplink
sub-frame; the terminal equipment divides the transmission
time of the uplink channels/signals in the current uplink
sub-frame into a plurality of transmission time buckets,
wherein the uplink channels/signals at any moment in each
transmission time bucket are the same, and the uplink
channels/signals in each transmission time bucket are not
exactly the same as those in the other transmission time
buckets; and in each transmission time bucket, the terminal
equipment performs the power control on the target transmit
power of the uplink channels/signals transmitted in the
transmission time bucket to ensure that the transmit power
sum of the uplink channels/signals transmitted in the trans-
mission time bucket does not exceed the preset maximum
transmit power of the terminal equipment after the power
control. Also disclosed a device for implementing the
method.

14 Claims, 3 Drawing Sheets
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1
UPLINK POWER CONTROL METHOD AND
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This patent application is a U.S. National Stage Applica-
tion under 35 U.S.C. §371 of International Application No.
PCT/CN2012/081713, filed on Sept. 21, 2012, designating
the United States, entitled UPLINK POWER CONTROL
METHOD AND DEVICE, and claiming the benefit of
Chinese Patent Application No. 201110405321.6, filed with
the State Intellectual Property Office of People’s Republic of
China on Dec. 8, 2011 and entitled “Method and apparatus
for controlling uplink power”, the content of which was
incorporated by reference in its entirety.

FIELD

The present invention relates to the field of communica-
tions and particularly to a method and apparatus for con-
trolling uplink power.

BACKGROUND

In a Long Term Evolution (LTE) system, uplink power
control is one of primary means to ensure a communication
quality. Uplink power control can be performed to lower
interference as much as possible between User Equipments
(UEs) transmitting data over the same resource in adjacent
cells and to ensure transmit power of the UEs to be used
reasonably.

Uplink power to be controlled generally includes transmit
power of a Physical Uplink Control Channel (PUCCH),
transmit power of a Physical Uplink Shared Channel
(PUSCH), transmit power of a Sounding Reference Signal
(SRS) and transmit power of a Physical Random Access
Channel (PRACH).

In the Long Term Evolution-Advanced (LTE-A) Release
10 (Rel-10), transmit power P,z at which a UE transmits
a PUCCH over a primary carrier is calculated in the equation
of:

Ppyccn(i) = min

{ Pemax (D }
Py pucch + PLc + hincor, aargs sg) + Ap_puccr(F) + App(F') + g (i)

[dBm],

Wherein: Pey,yx (i) represents maximum allowable car-
rier transmit power configured for a carrier ¢ in a sub-frame
i. The parameter Az pccx(F) is configured by a higher
layer and corresponds to a power offset of a different
PUCCH format relative to the PUCCH format la. A, ,(F")
represents a power offset of transmit diversity, and if the UE
is configured to transmit via a two-antenna port, then A,
(F") is configured for the different PUCCH format by higher-
layer signaling and takes its value in a set of {0, -2}dB; and
if the UE is configured to transmit via a single-antenna port,
then Az ,(FN=0. h(n,.op Nguro, Nsg) represents a power
offset related to the number of bits carried on the PUCCH,
wherein n¢,,, represents the number of carried Channel
State Information (CSI) bits, n, z, represents the number of
carried Acknowledgement (ACK)/NACK (Non-Acknowl-
edgement) bits, and ng, represents the number of carried
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Scheduling Request (SR) bits. P, prcczy represents an
expected target power value, of the PUCCH, configured by
higher-layer signaling. g(i) represents a cumulative value of
a power control command, and

M-1
g =gli= D)+ Y Spycenli—kn),

m=0

wherein dp;,-cz represents a UE-specific revision value,
also referred to a Transmit Power Control (TPC) command,
drrccrli-k,,) represents a revision value obtained in a
sub-frame i-k,,, and for a Time Division Duplex (TDD)
system, k,, represents the index of a downlink sub-frame in
a set of downlink sub-frames for which an ACK/NACK
feedback is needed in the current sub-frame, and M repre-
sents the number of downlink sub-frames in the set of
downlink sub-frames, and for a Frequency Division Duplex
(FDD) system, k,,_, and M=1. PL_ represents a path loss of
the carrier c measured by the UE and can be measured by the
UE, as configured by higher-layer signaling, over a pair of
carriers or the primary carrier configured by information in
the System Information Block 2.

In the LTE-A Rel-10, if a UE transmits no PUCCH over
a carrier ¢ in a sub-frame i, then transmit power PPUSCH c(l)
at which the UE transmits a PUSCH over the carrier ¢ is
calculated in the equation of:

Ppysch,¢(i) = min

{ Pemax,e(i) }
10log;o(Mpusch,c() + Po_puscr.c(J) + @c(J)- PLe + At (D) + fo()

[dBm],

In the LTE-A Rel-10, if a UE transmits a PUCCH over a
carrier ¢ in a sub-frame i, then transmit power Ppysez7 (i) at
which the UE transmits a PUSCH over the carrier ¢ is
calculated in the equation of:

Ppyscr ¢ (i) = min

{ 10logyo(Peuax.o(d) = Prucen (i), }
10log;o(Mpusch,c() + Po_puscr.c(J) + @c(J)- PLe + At (D) + fo()

[dBm],

Wherein: PCMAX (1) represents a linearity-domain value
of Peprax (D), ie. PCMAXc(l) 107 eraxe/L0, PPUCCH(I) rep-
resents a hnearlty domain value of the PUCCH transmit
power Prpecn(il). Mppscm, i) represents the size, in
Resource Blocks (RBs), of a resource of the PUSCH over
the carrier ¢. Py prisep,(j) represents an expected target
power value of the PUSCH over the carrier ¢ and is
configured by higher-layer signaling. a..(j) represents a path
loss compensation factor of the carrier ¢ as a cell-specific
parameter configured by higher-layer signaling. PL_ repre-
sents a path loss of the carrier ¢ measured by the UE and can
be measured by the UE, as configured by higher-layer
signaling, over a pair of carriers or a primary carrier con-
figured by information in the System Information Block 2.
With K=1.25, Az ()=10 log,o((27##5=1)B e, 7)
represents a different power offset corresponding to a dif-
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ferent Modulation and Coding Scheme (MCS); and with
K=0, Ay (1)=0 represents disablement of a function to
adjust power according to an MCS, wherein K, represents a
UE-specific parameter indicated by higher-layer signaling.
The Bits Per Resource Element (BPRE) represents the
number of bits corresponding to each resource element on
the PUSCH, and Boﬁetp USCH represents an offset of an
encoding rate of uplink control information carried on the
PUSCH relative to an encoding rate of uplink data on the
PUSCH and is preconfigured by higher-layer signaling. £ (i)
represents a PUSCH power control adjustment amount for
which there are two patterns, i.e., a cumulative value and a
current absolute value.

In the LTE-A Rel-10, transmit power P, at which the
UE transmits an SRS over a carrier ¢ is defined in the
equation of:

P SRs,c(i):miH{P CMAX,c(i)aP SRS,OFFSET,C(”’)HO logyo
(MSRS,C)+P o,PUSCH,c(/')"'ac(/') P, Lc"‘fc(i)} [dBm],

Wherein Pgzg oppspr(m) represents a power offset of
the SRS, relative to a PUSCH, in a different antenna port
configuration over the carrier ¢, m=0 corresponds to a
periodic SRS, and m=1 corresponds to an aperiodic SRS.
Mggs, represents a transmit bandwidth, in RBs, of the SRS
over the carrier c. The other parameters are the same as the
power control parameters of the PUSCH over the carrier.

In the LTE-A Rel-10, transmit power at which a UE
transmits a PRACH over a carrier ¢ is defined in the equation
of:

PPRACH=min{P ey, .({),PREAMBLE_RE-
CEIVED_TARGET _POWER+PL_}_[dBm],

Wherein PREAMBLE_RECEIVED_TARGET_POWER
is calculated by a Media Access Control (MAC) layer of the
UE as target power of the PRACH.

In the LTE-A Rel-10, an uplink power control scheme is
based upon power control on concurrent transmission, in the
same sub-frame, of a PDCCH and a PUSCH over the same
or different carriers. If the total transmit power of a UE in the
current sub-frame i exceeds the maximum transmit power
allowed by the UE, then power shall be scaled down by the
UE ensuring transmit power of the PUCCH preferentially
while scaling down transmit power of the PUSCH over each
carrier ¢ with an equal proportion so as to satisfy the limited
maximum transmit power allowed by the UE:

Z w(i)- Ppusca o () < (Peuax () = Pruccn (D),

c

Wherein f’PUSCH’C(i) represents a linearity-domain value
of Ppyser (i), and w(i) represents a power scaling down
factor over each carrier with O=sw(i)<1. If no PUCCH is
transmitted in the current sub-frame i, then P, ¢ (1)=0.

If a UE transmits a PUSCH with Uplink Control Infor-
mation (UCI) and a PUSCH without UCI concurrently in the
current sub-frame i, and the total transmit power of the UE
exceeds the maximum transmit power allowed by the UE,
then the UE shall ensure firstly the transmit power of the
PUCCH not to be scaled down and secondly the transmit
power of the PUCCH with the UCI not to be scaled down
while scaling down transmit power of the PUSCH over each
carrier with an equal proportion so as to satisfy the limited
maximum transmit power allowed by the UE:
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Prusci, (i) = min(Peyscy, j(0), (Pauax () — Pruccn (D))

and

Z w(i) - Ppusca o) = (Peuax () = Pruccu (i) — Ppuscu, i (D),
B

When the power of all the PUSCHs without UCI is scaled
down to zero, and the total transmit power of the UE still
exceeds the maximum transmit power allowed by the UE,
then the power of the PUSCH with the UCI is further scaled
down. If no PUCCH is transmitted in the current sub-frame
i, then P,y e (1)=0.

For SRSs transmitted concurrently over multiple carriers
in the same sub-frame, if the total transmit power of a UE
exceeds the maximum transmit power allowed by the UE,
then power of the SRS over each carrier is scaled down with
an equal proportion so as to satisfy the limited maximum
transmit power allowed by the UE:

() Psise(i) = Pouax (0,

c

Wherein f’SRS,C(i) represents a linearity-domain value of
Pgrs.o(i), and w(i) represents an SRS power scaling down
factor over each carrier with O=w(i)=<1.

Only intra-band Carrier Aggregation (CA) is supported in
uplink transmission defined in the LTE-A Rel-10, and there
are assumed similar radio signal propagation characteristics
of respective carriers, so all the uplink transmission time are
adjusted based upon a Time Advance (TA) obtained in a
PRACH procedure over a Primary Component Carrier so
that the uplink transmission time of the carriers are aligned
and thus power control can be performed in sub-frames.

In the LTE-A Rel-11, uplink CA in different bands (inter-
band CA) as well as a mixed deployment CA scheme of a
macro base station (denoted by a macro eNB) and a Remote
Radio Head (RRH) can be supported. Due to different radio
signal propagation characteristics in the different bands and
different propagation paths traversed by the macro eNB and
the RRH, signals transmitted over different carriers may
arrive at the eNB at different time. Thus in the Rel-11, there
may be different TAs of different carriers, and uplink trans-
mission time of the carriers may not be aligned, so an uplink
channel over a carrier may be transmitted, in different
transmission time segments in a sub-frame, concurrently
with an uplink channel in a preceding adjacent sub-frame
and/or a succeeding adjacent sub-frame. Consequently the
power control scheme in sub-frames will not be applicable.

SUMMARY

Embodiments of the invention provide a method and
apparatus for controlling uplink power so as to perform
power control on uplink channels with different uplink
transmission time to thereby ensure the total transmit power
of a user equipment at any time in a sub-frame not to exceed
the maximum transmit power so that a system can operate
normally.

A method of controlling uplink power includes:

a user equipment determining target transmit power of
each of uplink channels/signals transmitted in a current
uplink sub-frame;



US 9,480,023 B2

5

the user equipment dividing transmission time of the
uplink channels/signals in the current uplink sub-frame into
multiple transmission time segments, wherein uplink chan-
nels/signals included in any one of the transmission time
segments are the same at any time, and uplink channels/
signals included in any one of the transmission time seg-
ments are different from uplink channels/signals included in
any other one of the transmission time segments; and

the user equipment performing power control, in each of
the transmission time segments, on the target transmit power
of the uplink channels/signals transmitted in the transmis-
sion time segment to satisfy that the sum of transmit power,
obtained after the power control, of the uplink channels/
signals transmitted in the transmission time segment does
not exceed preset maximum transmit power of the user
equipment.

A user equipment includes:

a target power calculation module configured for the user
equipment to determine target transmit power of each of
uplink channels/signals transmitted in a current uplink sub-
frame;

a time segment division module to divide transmission
time of the uplink channels/signals in the current uplink
sub-frame into multiple transmission time segments,
wherein uplink channels/signals included in any one of the
transmission time segments are the same at any time, and
uplink channels/signals included in any one of the transmis-
sion time segments are different from uplink channels/
signals included in any other one of the transmission time
segments; and

a power control module to perform power control, in each
of the transmission time segments, on the target transmit
power of the uplink channels/signals transmitted in the
transmission time segment to satisfy that the sum of transmit
power, obtained after the power control, of the uplink
channels/signals transmitted in the transmission time seg-
ment does not exceed preset maximum transmit power of the
user equipment.

Due to different timing advance corresponding to respec-
tive uplink channels/signals in an uplink sub-frame, in the
embodiments of the invention, transmission time of uplink
channels/signals in an uplink sub-frame are divided into
multiple transmission time segments, and power control is
performed, in each of the transmission time segments, on the
respective uplink channels/signals in the uplink sub-frame to
satisfy that the sum of transmit power, obtained after the
power control, of the uplink channels/signals transmitted by
a user equipment in a current uplink sub-frame in each of the
transmission time segments does not exceed preset maxi-
mum transmit power and thus a system can operate nor-
mally.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a general flow chart of a method of controlling
uplink power according to an embodiment of the invention;

FIG. 2 is a detailed flowchart of the method of controlling
uplink power according to the embodiment of the invention;

FIG. 3 is a schematic diagram of transmission according
to an embodiment of the invention;

FIG. 4 is a structural diagram of a user equipment
according to an embodiment of the invention.

DETAILED DESCRIPTION

Due to different timing advance corresponding to respec-
tive uplink channels/signals in an uplink sub-frame, in
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embodiments of the invention, transmission time of uplink
channels/signals in an uplink sub-frame are divided into
multiple transmission time segments, and power control is
performed, in each of the transmission time segments, on the
respective uplink channels/signals in the uplink sub-frame to
satisfy that the sum of transmit power, obtained after the
power control, of the uplink channels/signals transmitted by
a user equipment in a current uplink sub-frame in each of the
transmission time segments does not exceed preset maxi-
mum transmit power and thus a system can operate nor-
mally.

Preferably uplink transmission time of carriers belong to
the same TA group are the same, that is, transmission time
of uplink channels over respective carriers in the TA group
are aligned in the same uplink sub-frame.

Referring to FIG. 1, a general flow of a method of
controlling uplink power in an embodiment is as follows.

Step 101, a user equipment determines target transmit
power of each of uplink channels/signals (i.e., an uplink
channel or an uplink signal or an uplink channel and an
uplink signal) transmitted in a current uplink sub-frame.

Step 102, the user equipment divides transmission time of
the uplink channels/signals in the current uplink sub-frame
into multiple transmission time segments, wherein the
uplink channels/signals included in any one of the transmis-
sion time segments are the same at any time, and uplink
channels/signals included in any one of the transmission
time segments are different from uplink channels/signals
included in any other one of the transmission time segments.

In an embodiment, uplink channels/signals transmitted in
different sub-frames are different uplink channels/signals,
and uplink channels/signals transmitted over different car-
riers are different uplink channels/signals. For example, if
PUCCHs is transmitted over a carrier in a sub-frame i and
a sub-frame i+1, then the PUCCH in the sub-frame i and the
PUCCH in the sub-frame i+1 are different PUCCHs. In
another example, PUSCHs are transmitted over both carriers
1 and 2 in a sub-frame i, then the PUSCH over the carrier
1 and the PUSCH over the carrier 2 are different PUSCHs.

Step 103, the user equipment performs power control, in
each of the transmission time segments, on the target trans-
mit power of the uplink channels/signals transmitted in the
transmission time segment to satisty that the sum of transmit
power, obtained after the power control, of the uplink
channels/signals transmitted in the transmission time seg-
ment does not exceed preset maximum transmit power of the
user equipment.

The user equipment can transmit the uplink channels/
signals with the transmit power obtained after the power
control.

In a preferred implementation of the step 102, the user
equipment divides the transmission time of the uplink chan-
nels/signals in the current uplink sub-frame into the multiple
transmission time segments according to timing advance
corresponding to the respective uplink channels/signals,
wherein the number of transmission time segments is the
number of uplink carriers, aggregated by the user equipment
or activated, with different timing advance plus one. Par-
ticularly the transmission time are divided into the trans-
mission time segments according to transmit start time
and/or end time of the respective uplink channels/signals.

The user equipment performs power control by determin-
ing in each of the transmission time segments whether the
sum of the target transmit power of the uplink channels/
signals in the current uplink sub-frame in the transmission
time segment and the transmit power of the other uplink
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channels/signals transmitted in the time segment exceeds the
preset maximum transmit power.

When exceeding is determined, the user equipment per-
forms power control on the target transmit power of the
uplink channels/signals transmitted in the transmission time
segment to satisfy that the sum of the transmit power of the
uplink channels/signals in the current uplink sub-frame
obtained after the power control and the transmit power of
the other uplink channels/signals in the transmission time
segment does not exceed the preset maximum transmit
power.

When no exceeding is determined, the user equipment
determines the target transmit power of the uplink channel/
signals in the current uplink sub-frame as the transmit power
of the uplink channels/signals in the time segment.

When exceeding is determined, the user equipment per-
forms power control on the target transmit power of the
uplink channels/signals transmitted in the transmission time
segment particularly as follows:

The user equipment performs power control on the target
transmit power of the uplink channels/signals in the current
uplink sub-frame transmitted in the transmission time seg-
ment based upon the transmit power of the other uplink
channels/signals transmitted in the transmission time seg-
ment to satisfy that the sum of the transmit power, obtained
after the power control, of the uplink channels/signals in the
current uplink sub-frame in the transmission time segment
does not exceed currently available maximum transmit
power, wherein the currently available maximum transmit
power is the preset maximum transmit power minus the
transmit power of the other uplink channels/signals; or

The user equipment performs power control on the target
transmit power of the other uplink channels/signals trans-
mitted in the transmission time segment and the target
transmit power of the uplink channels/signals in the current
uplink sub-frame transmitted in the transmission time seg-
ment to satisfy that the sum of the transmit power, obtained
after the power control, of the uplink channels/signals in the
current uplink sub-frame and the transmit power, obtained
after the power control, of the other uplink channels/signals,
in the transmission time segment does not exceed the preset
maximum transmit power; or

The user equipment performs power control on the target
transmit power of the uplink channels/signals in the current
uplink sub-frame transmitted in the transmission time seg-
ment to satisfy that the sum of the transmit power, obtained
after the power control, of the uplink channels/signals in the
current uplink sub-frame in the transmission time segment
does not exceed the preset maximum transmit power.

Particularly in different transmission time segments, the
other uplink channels/signals may include: uplink channels/
signals in a preceding adjacent uplink sub-frame to the
current uplink sub-frame transmitted in a transmission time
segment and/or uplink channels/signals in a succeeding
adjacent uplink sub-frame to the current uplink sub-frame
transmitted in a transmission time segment; or the other
uplink channels/signals are a null set, that is, there are no
other uplink channels/signals in the transmission time seg-
ment.

The method of controlling power described above can be
differently applied particularly in the following three sce-
narios for the different scenarios of the other uplink chan-
nels/signals in different transmission time segments:

In a first scenario, when the other uplink channels/signals
included in a transmission time segment are uplink channels/
signals in a preceding adjacent uplink sub-frame to the
current uplink sub-frame transmitted in the transmission
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time segment, if it is determined that the sum of the target
transmit power of the uplink channels/signals in the current
uplink sub-frame in the transmission time segment and the
transmit power of the other uplink channels/signals trans-
mitted in the transmission time segment exceeds the preset
maximum transmit power, then the user equipment performs
power control on the target transmit power of the uplink
channels/signals transmitted in the transmission time seg-
ment particularly as follows: the user equipment performs
power control on the target transmit power of the uplink
channels/signals in the current uplink sub-frame based upon
the transmit power of the other uplink channels/signals
transmitted in the transmission time segment to satisfy that
the sum of the transmit power, obtained after the power
control, of the uplink channels/signals in the current uplink
sub-frame does not exceed currently available maximum
transmit power, wherein the currently available maximum
transmit power is the preset maximum transmit power minus
the transmit power of the other uplink channels/signals; or
the user equipment performs power control on the target
transmit power of the other uplink channels/signals trans-
mitted in the transmission time segment and the target
transmit power of the uplink channels/signals transmitted
concurrently in the current uplink sub-frame to satisfy that
the sum of the transmit power, obtained after the power
control, of the uplink channels/signals in the current uplink
sub-frame and the transmit power, obtained after the power
control, of the other uplink channels/signals does not exceed
the preset maximum transmit power.

In a second scenario, when the other uplink channels/
signals included in a transmission time segment are uplink
channels/signals transmitted in a succeeding adjacent uplink
sub-frame to the current uplink sub-frame transmitted in the
transmission time segment, if it is determined that the sum
of'the target transmit power of the uplink channels/signals in
the current uplink sub-frame in the transmission time seg-
ment and the transmit power of the other uplink channels/
signals transmitted in the transmission time segment exceeds
the preset maximum transmit power, then the user equip-
ment performs power control on the target transmit power of
the uplink channels/signals transmitted in the transmission
time segment particularly as follows: the user equipment
performs power control on the target transmit power of the
other uplink channels/signals transmitted in the transmission
time segment and the target transmit power of the uplink
channels/signals in the current uplink sub-frame to satisfy
that the sum of the transmit power, obtained after the power
control, of the uplink channels/signals transmitted concur-
rently in the current uplink sub-frame and the transmit
power, obtained after the power control, of the other uplink
channels/signals does not exceed the preset maximum trans-
mit power.

In a third scenario, when the other uplink channels/signals
included in a transmission time segment are a null set, that
is, neither uplink channels/signals transmitted in a preceding
adjacent uplink sub-frame to the current uplink sub-frame
nor uplink channels/signals transmitted in a succeeding
adjacent uplink sub-frame to the current uplink sub-frame
are included in the transmission time segment, if it is
determined that the sum of the target transmit power of the
uplink channels/signals in the current uplink sub-frame in
the transmission time segment and the transmit power of the
other uplink channels/signals transmitted in the transmission
time segment exceeds the preset maximum transmit power,
then the user equipment performs power control on the
target transmit power of the uplink channels/signals trans-
mitted in the transmission time segment particularly as



US 9,480,023 B2

9

follows: the user equipment performs power control on the
target transmit power of the uplink channels/signals in the
current uplink sub-frame transmitted in the transmission
time segment to satisfy that the sum of the transmit power,
obtained after the power control, of the uplink channels/
signals in the current uplink sub-frame does not exceed the
preset maximum transmit power.

The user equipment performs power control, in each of
the transmission time segments, on the target transmit power
of the uplink channels/signals, for which power control is
required, transmitted in the transmission time segment par-
ticularly as follows:

In a first scheme, the user equipment scales down the
target transmit power of the uplink channels/signals, for
which power control is required, transmitted in the trans-
mission time segment with an equal proportion to determine
the transmit power of the uplink channels/signals in the
transmission time segment obtained after the power control.

In a second scheme, the user equipment scales down the
power of the uplink channels/signals, for which power
control is required, transmitted in the transmission time
segment sequentially in an order of ascending channel/signal
priorities and scales down the target transmit power of
multiple uplink channels/signals with the same channel/
signal priority with an equal proportion to determine the
transmit power of the uplink channels/signals in the trans-
mission time segment obtained after the power control,
wherein target transmit power of uplink channels/signals
without power scaling down are determined as transmit
power of the uplink channels/signals in the transmission
time segment obtained after the power control.

In a third scheme, the user equipment scales down the
target transmit power of the uplink channels/signals in the
same frequency band among the uplink channels/signals, for
which power control is required, transmitted in the trans-
mission time segment with an equal proportion and scales
down the target transmit power of the uplink channels/
signals in different frequency bands among the uplink chan-
nels/signals, for which power control is required, transmitted
in the transmission time segment with power scaling down
factors corresponding to their frequency bands to determine
the transmit power of the respective uplink channels/signals
in the transmission time segment obtained after the power
control.

In a fourth scheme, the user equipment scales down,
sequentially in an order of ascending channel/signal priori-
ties, the target transmit power of the uplink channels/signals,
in the same frequency band, with the same channel/signal
priority among the uplink channels/signals, for which power
control is required, transmitted in the transmission time
segment with an equal proportion, and the target transmit
power of the uplink channels/signals, in different frequency
bands, with the same channel/signal priority among the
uplink channels/signals, for which power control is required,
transmitted in the transmission time segment with power
scaling down factors corresponding to their frequency
bands, to determine the transmit power of the respective
uplink channels/signals in the transmission time segment
obtained after the power control, wherein the target transmit
power of the uplink channels/signals with the power scaling
down factor of 1 are determined as the transmit power of the
uplink channels/signals in the transmission time segment
obtained after the power control, and the target transmit
power of the uplink channels/signals without power scaling
down are determined as the transmit power of the uplink
channels/signals in the transmission time segment obtained
after the power control.
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Particularly, following the description of the three par-
ticular scenarios above, the uplink channels/signals for
which power scaling down is required are the uplink chan-
nels/signals in the current uplink sub-frame transmitted in
the transmission time segment or the uplink channels/signals
in the current uplink sub-frame transmitted in the transmis-
sion time segment and the other uplink channels/signals
transmitted in the transmission time segment.

Preferably the channel/signal priorities are:

A PUCCH>a PUSCH with UCI»a PUSCH without
UCI>an SRS; or

A PUCCH>a PUSCH with UCI»a PUSCH without
UCI=an SRS; or

If there is a PRACH, then:

A PRACH>a PUCCH>a PUSCH with UCI>a PUSCH
without UCI>an SRS; or

A PRACH>a PUCCH>a PUSCH with UCI>a PUSCH
without UCI=an SRS; or

A PUCCH>a PRACH>a PUSCH with UCI>a PUSCH
without UCI>an SRS; or

A PUCCH>a PRACH>a PUSCH with UCI>a PUSCH
without UCI=an SRS.

Particularly the SRS includes an aperiodic SRS and a
periodic SRS, wherein the priority of the aperiodic SRS is
above or equal to that of the periodic SRS.

Power control is performed according to the priorities
particularly by scaling down the power of the uplink chan-
nels/signals with the lowest priority with an equal proportion
(in correspondence to the second scheme) or with the power
scaling down factors corresponding to their frequency bands
(in correspondence to the fourth scheme), and if the power
is scaled down to zero and the total power of the uplink
channels/signals of the user equipment in the transmission
time segment is still above the maximum transmit power,
then by scaling down the power of the uplink channels/
signals with the second lowest priority with an equal pro-
portion (in correspondence to the second scheme) or with
the power scaling down factors corresponding to their
frequency bands (in correspondence to the fourth scheme)
and so on until the total power of the uplink channels/signals
of the user equipment in the transmission time segment is
not above the maximum transmit power. If the total power
of the uplink channels/signals of the user equipment is not
above the maximum transmit power simply after the power
of the uplink channels/signals with one or more lower
priorities is scaled down, then the transmit power of the
uplink channels/signals with the other priorities remains
unchanged, that is, their target transmit power is the transmit
power obtained after the power control.

In order to avoid the user equipment from frequently
changing the transmit power, before the user equipment
transmits the uplink channels/signals with the transmit
power obtained after the power control, the method further
includes the following steps: the user equipment determines
the lowest value among the transmit power, obtained after
the power control, of the uplink channels/signals in the
current uplink sub-frame in the respective transmission time
segments as the transmit power of the uplink channels/
signals in the respective transmission time segments in the
current uplink sub-frame and transmits the respective uplink
channels/signals in the current uplink sub-frame with the
transmit power; or

In order to enable the user equipment to use the transmit
power reasonably, before the user equipment transmits the
uplink channels/signals with the transmit power obtained
after the power control, the method further includes the
following steps: the user equipment transmits the uplink
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channels/signals in the current uplink sub-frame respec-
tively with the transmit power of the respective uplink
channels/signals in the current uplink sub-frame in each of
the transmission time segments obtained after the power
control. Preferably this method is applicable to uplink chan-
nels/signals modulated by Binary Phase Shift Keying
(BPSK) or Quadrature Phase Shift Keying (QPSK).

Preferably the preset maximum transmit power in an
embodiment includes the maximum transmit power allowed
by the user equipment and/or the maximum transmit power
allowed in each of the frequency bands.

The uplink channels/signals in the embodiment include
but will not be limited to PUCCHs, PUSCHs, PRACHs,
SRSs, etc. wherein the uplink channels include but will not
be limited to PUCCHs, PUSCHs, PRACHs, etc., and the
uplink signals include but will not be limited to SRSs, etc.

Preferably for PRACHSs transmitted consecutively in mul-
tiple uplink sub-frames, transmit power at which they are
transmitted in the subsequent sub-frames can be determined
based upon transmit power in which they are transmitted in
the first sub-frame, and power control on the uplink chan-
nels/signals in the subsequent sub-frames can be performed
based upon the transmit power of the PRACHs (that is, the
transmit power of the PRACHs remains unchanged, for
example, the transmit power of the PRACHs can be incor-
porated into the preset maximum transmit power, and the
difference between the preset maximum transmit power and
the transmit power of the PRACHs can be determined as the
currently used preset maximum transmit power); and

Preferably a base station can transmit PUCCHs preferen-
tially over a Primary Component Carrier (PCC) so as to
ensure transmit power of the PUCCHs as much as possible;
or the base station can determine an uplink carrier with the
highest TA as the PCC.

Preferably the power scaling down factors can be pre-
scribed by the user equipment with the base station or
notified by the base station to the user equipment via
higher-layer signal or Physical Downlink Control Channel
(PDCCH) signaling, the higher-layer signal includes Radio
Resource Control (RRC) signaling and Medium Access
Control (MAC) signaling. The power scaling down factors
can be configured based upon different characteristics of the
frequency band, e.g., frequency locations, bandwidths,
channel states, configured types of transmission informa-
tion, services, etc. Preferably the power scaling down factors
of the different frequency bands may be the same or differ-
ent; and when the power scaling down factors of the
different frequency bands are the same, they can be config-
ured fixedly without any prescription or notification.

Preferably the foregoing method can be applicable in both
intra-band and inter-band Carrier Aggregation (CA) sce-
narios.

Preferably the foregoing method can be applicable in both
FDD and TDD mode.

An implementation process will be described below in
details by way of a typical embodiment.

Referring to FIG. 2, a detailed flow of the method of
controlling uplink power according to an embodiment is as
follows:

Step 201, a user equipment determines target transmit
power of each of uplink channels/signals transmitted in a
current uplink sub-frame.

Step 202: The user equipment divides transmission time
of the uplink channels/signals in the current uplink sub-
frame into multiple transmission time segments.

Step 203: The user equipment determines for each of the
transmission time segments in a chronological order whether
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the sum of the target transmit power of the uplink channels/
signals in the current uplink sub-frame and transmit power
of the other uplink channels/signals transmitted in the trans-
mission time segment exceeds preset maximum transmit
power, and if so, then the flow proceeds to the step 204;
otherwise, the flow proceeds to the step 205.

Step 204: The user equipment performs power control on
the target transmit power of the uplink channels/signals in
the current uplink sub-frame and/or the transmit power of
the other uplink channels/signals transmitted in the trans-
mission time segment to satisfy that the sum of transmit
power, obtained after the power control, of the uplink
channels/signals in the current uplink sub-frame and trans-
mit power, obtained after the power control, of the other
uplink channels/signals in the transmission time segment
does not exceed the preset maximum transmit power.

Step 205: The user equipment determines the target
transmit power of the uplink channels/signals in the current
uplink sub-frame as the transmit power of the uplink chan-
nels/signals in the transmission time segment.

Step 206: The user equipment transmits the uplink chan-
nels/signals with the transmit power obtained after the
power control.

Referring to FIG. 3, for example, a User Equipment (UE)
(or referred to as a terminal device) aggregates four carriers
for uplink transmission, and due to different TAs, uplink
transmission time of the carriers 1 and 2 are earlier than
those of the carriers 3 and 4 by two Single Carrier-Fre-
quency Division Multiple Access (SC-FDMA) symbols,
FIG. 3 illustrates a transmission scenario, and the UE
determines transmit power of channels in a sub-frame i (i.e.,
a current sub-frame) particularly as follows:

Firstly the UE calculates target transmit power Py ey,
1(1) of a PUCCH over the carrier 1 and target transmit power
Pruscrr2(D)s Pruscrs(i) and Ppysep4(i) of PUSCHs over
the carriers 2, 3 and 4 respectively in the relevant equations
as introduced in Background of the Invention; and deter-
mines a linearity-domain value of P,=1077'° wherein X
represents a kind of channel/signal.

Due to different uplink transmission time for the different
carriers, there is concurrent transmission of different uplink
channels in three transmission time segments in the current
uplink sub-frame, wherein the PUCCH over the carrier 1 and
the PUSCH over the carrier 2 are transmitted concurrently
with the PUSCH over the carrier 3 in a preceding adjacent
sub-frame in the first transmission time segment t1, the
PUCCH over the carrier 1 and the PUSCHs over the carriers
2, 3 and 4 are transmitted concurrently in the second
transmission time segment t2, and the PUSCHs over the
carriers 3 and 4 are transmitted concurrently with the
PUCCH over the carrier 1 and the PUSCH over the carrier
2 in a succeeding adjacent sub-frame in the third transmis-
sion time segment 3, and then the UE performs power
control respectively in these three transmission time seg-
ments, power control needs to be performed in each of the
transmission time segments by taking into account the
transmit power of the uplink channels/signals transmitted in
the preceding adjacent uplink sub-frame to the current
uplink sub-frame and/or the transmit power of the uplink
channels/signals transmitted in the succeeding adjacent
uplink sub-frame to the current uplink sub-frame in the
transmission time segment, particularly as follows:

In the time segment t1, since the PUSCH is transmitted
over the carrier 3 in the preceding adjacent uplink sub-frame
(the sub-frame i-1) with a determined transmit power
Pruscas(i-1) and no uplink channel/signal is transmitted
over the carrier 4 in the preceding adjacent uplink sub-
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frame, the UE needs to perform power control in the time
segment by taking into account the transmit power of the
PUSCH over the carrier 3 in the sub-frame i-1, and the UE
determines whether the sum of the target transmit power of
the uplink channels/signals in the current sub-frame trans-
mitted in the transmission time segment and the transmit
power of the uplink channels/signals transmitted concur-
rently in the preceding adjacent sub-frame to the current
sub-frame exceeds maximum transmit power Pou. iy
allowed by the UE.

When it is determined that PPUCCH 1(1)+PPUSCH2(1)+
PPUSCH3(1 l)<PCMAX(1) no power will be scaled down in
the transmission time segment, and the target transmit power
of the respective uplink channels/signals are determined as
the transmit power obtained after the power control, i.e.,
Proccrmn (i)ipPUCCH 1) and Pruscrz.n (i)ipPUSCH (D).

When it is determined that PPUCCH 1(1)+PPUSCH2(1)+
PPUSCH LG-1>P L, D), power control will be performed
on the PUCCH over the carrier 1 and the PUSCH over the
carrier 2 in the transmission time segment to satisfy that the
sum of the transmit power, obtained after the power control,
of the uplink channels/signals in the transmission time
segment in the current sub-frame does not exceeds currently
available maximum transmit power, wherein the currently
available maximum transmit power is the maximum trans-
mit power allowed by the UE minus the transmit power of
the other uplink channels/signals in the preceding adjacent
sub-frame to the current sub-frame, particularly as follows:

In a first scheme, the target transmit power of the uplink
channels/signals transmitted concurrently in the current sub-
frame in the transmission time segment is scaled down with
an equal proportion in the equation of (1), wherein ¢
represents the serial number of a carrier, i represents the
serial number of a sub-frame, and

> Pi-1

represents the sum of the transmit power of the uplink
channels/signals in the preceding adjacent sub-frame to the
current sub-frame; and particularly in the transmission time
segment, neither SRSs nor PRACHs will be transmitted, and
only the PUSCH is transmitted over the carrier 3 in the
preceding adjacent sub-frame, and then equation of (1) is
equivalent to w(i) (PPUCCH 1(1)+PPUSCH2(1))<(PCMAX(1)_
PPUSCH,3(1 1)), that is, a value of w(i) (a factor) satistying
the equation is found, and the transmit power, obtained after
the power control, of the PUCCH and the PUSCH over the
carrier 1 and the carrier 2 in the current sub-frame in the
current transmission time segment is determined as
Prvccr,n WO Pryccr, @) and
W(i)-Ppyser, (1) respectively;

PPUSCH,2,t1 ()=

w(i)- (Z Prucen, (i) + Z Prysci o) + Z Pops,c(i) + O]

Z i)PRACH,c(i)] = (i)CMAX(i) - Z Poti- 1))

In a second scheme, the target transmit power of the
channels/signals with the lowest priority transmitted con-
currently in the current sub-frame in the transmission time
segment is scaled down with an equal proportion according
to the channel/signal priorities. Firstly the target transmit
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power of the channels/signals with the lowest priority is
scaled down with an equal proportion, and taking the lowest
priority of SRSs as an example, the target transmit power of
the SRSs (if any) is scaled down with an equal proportion in
the equation of (2), and if there is w(i) of other than zero,
then power scaling down will be terminated, and the target
transmit power of the channels/signals with the other pri-
orities (e.g.,, PUCCHs, PRACHs and PUSCHs) are
unchanged and determined as the transmit power of the
uplink channels/signals in the transmission time segment
obtained after the power control; and if there is no w(i) of
other than zero (that is, the sum of the target transmit power
of the remaining channels/signals still exceeds the maximum
transmit power allowed by the UE when the target transmit
power of the SRSs is scaled down to zero), then further the
target transmit power of the channels/signals with the sec-
ond lowest priority needs to be scaled down with an equal
proportion, and taking the second lowest priority of
PUSCHs without UCI as an example, the target transmit
power of the PUSCHs without UCI is scaled down with an
equal proportion in the equation of (3), wherein j represents
the serial number of a PUSCH with UCI, and so on until the
limited maximum transmit power is satisfied; and particu-
larly in the transmission time segment, neither SRSs nor
PRACHs will be transmitted, and then firstly the power of
the PUSCHs is scaled down with an equal proportion, and
only the PUSCH is transmitted concurrently over the carrier
3 in the preceding adjacent sub-frame; and the equation of
(3) is_equivalent to w(i)- PPUSCH 2(1)<(PCMAX(1) PPUCCH,

1(1)- PPUSCH 3(1 1)), and a value of w(i) (a factor) satistying
the equation is found, and the transmit power, obtained after
the power control, of the PUCCH and the PUSCH over the
carrier 1 and the carrier 2 in the current sub-frame in the
current transmission time segment is determined as
Prvccrra O Pproccny @ and  Ppysey ()P earax(i)-
Pruvccrra(D-Ppusce(i-1) respectively;

i) Pogs (i) < (PCMAXU) =3 Pli-1- @

Z Pruccn (i) - Z Pruscre(i) - Z PPRACH,c(i)];

and

7wl Pruscueli) < (PCMAX @= Pli-1- ®

ot
Z Poucen(D - Z Popach,(D) - Z i’PUSCH,j(i)]
¢ c J

It shall be noted that this method can be modified by
scaling down the target transmit power of the channels/
signals in the current sub-frame and the preceding sub-frame
transmitted concurrently in the transmission time segment
with an equal proportion (the first scheme above is reused)
or based upon the channel/signal priorities (the second
scheme above is reused). This method is suitable for the UE
transmitting in each of the different transmission time seg-
ments with the transmit power in the time segment obtained
after the power control, that is, the same uplink channel/
signal may be transmitted with different transmit power in
different transmission time segments in a sub-frame.

It shall be noted that the transmit power of the PUSCH
over the carrier 3 in the preceding uplink sub-frame is taken
into account in both of the schemes above, but the transmit
power of the PUSCH over the carrier 3 in the preceding
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uplink sub-frame has been determined by taking into
account the PUCCH over the carrier 1 and the PUSCH over
the carrier 2 in the current sub-frame transmitted concur-
rently in a part of the transmission time segments, so the
maximum transmit power allowed by the UE in the current
sub-frame minus the transmit power of the PUSCH over the
carrier 3 in the preceding uplink sub-frame is allocated for
the PUCCH over the carrier 1 and the PUSCH over the
carrier 2, and this is equivalent to power control concur-
rently on the target transmit power of the uplink channels/
signals in the current uplink sub-frame and the uplink
channels/signals in the preceding uplink sub-frame in the
transmission time segment as described above in the first or
second scheme, the power of the uplink channels/signals
transmitted concurrently in the current sub-frame and the
preceding sub-frame in the transmission time segment can
be ensured to be scaled down with an equal proportion in the
first scheme, and the transmit power of the PUCCHs may
not be scaled down due to their highest priority in the second
scheme.

Actually the time segment t1 in the current sub-frame is
the last time segment in the preceding adjacent sub-frame,
and in this time segment in the preceding uplink sub-frame,
power control has been performed on the target transmit
power of the PUSCH over the carrier 3, the PUCCH over the
carrier 1 and the PUSCH over the carrier 2 based upon the
maximum transmit power of the user equipment, so the user
equipment can determine a result of power control in the last
time segment in the preceding sub-frame directly as the
transmit power of the PUCCH over the carrier 1 and the
PUSCH over the carrier 2 in the time segment tl1 in the
current sub-frame as if the result of power control is stored
therein without further performing power control in the steps
above.

There are no uplink channels/signals transmitted concur-
rently in the preceding sub-frame and the succeeding sub-
frame in the time segment 12, so the UE determines whether
the sum of the target transmit power of the uplink channels/
signals in the current sub-frame in the transmission time
segment exceeds the maximum transmit power P,
allowed by the UE.

When it is determined that PPUCCH 1(1)+PPUSCH2(1)+
PPUSCH3(1)+PPUSCH4(1)<PCMAX(1) no power will be scaled
down in the transmission time segment, and the target
transmit power of the respective channels/signals are deter-
mined as the transmit power obtained after the power

control, i.e., Pruscr20)=

Pruscrrae 1=

PPUCCH Lo@=Pryecs (1),
Pruscer2(), PPUSCH,3,t2(1) PPUSCH,3(1) and
PUSCH4(1

When it is determined that PUCCH, PPUCCH D+
PPUSCH >0 +PPUSCH 3 (1)+PPUSCH 4(1)>PCMAX(1) power con-
trol will be performed on the PUCCH over the carrier 1 and
the PUSCHs over the carriers 2, 3 and 4 in the transmission
time segment to satisfy that the sum of the transmit power,
obtained after the power control, of the uplink channels/
signals in the transmission time segment in the current
sub-frame does not exceeds the maximum transmit power
allowed by the UE, particularly as follows:

In a first scheme, the target transmit power of the uplink
channels/signals transmitted concurrently in the current sub-
frame in the transmission time segment is scaled down with
an equal proportion in the equation of (4), wherein ¢
represents the serial number of a carrier, and i represents the
serial number of a sub-frame; and particularly in the trans-
mission time segment, neither SRSs nor PRACHs are trans-
mitted, and then equation of (4) is equivalent to w(i)-

(PPUCCH 1 (1)+PPUSCH 2(1)+PPUSCH 5(1) +PPUSCH 41)
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sf’CMAX(i), and a value of w(i) (a factor) satisfying the
equation is found, and the transmit power, obtained after the
power control, of the PUCCH over the carrier 1 in the
current transmission time segment is determined as
Proccr »0)=w(): PPUCCH 1(1), and the transmit power,
obtained after the power control, of the PUSCHs over the
carriers 2, 3 and 4 in the current transmission time segment
is  determined  as  Ppysep o o(0)=W() PPUSCH 2(1)

Pouscrs, 0=V PryscrsQ an Pruscman)=
w(i) PPUSCH (i) respectively;

w(i)- (Z Ppyccr,o(D+ Z Ppuscr (D) + (&)

Z Psgs o(D) + Z Prrach c(l)) (Porax ()

In a second scheme, the target transmit power of the
channels/signals with the lowest priority transmitted con-
currently in the current sub-frame in the transmission time
segment is scaled down with an equal proportion according
to the channel/signal priorities. Firstly the target transmit
power of the channels/signals with the lowest priority is
scaled down with an equal proportion, and taking the lowest
priority of SRSs as an example, the target transmit power of
the SRSs (if any) is scaled down with an equal proportion in
the equation of (5), and if there is w(i) of other than zero,
then power scaling down will be terminated, and the target
transmit power of the channels/signals with the other pri-
orities (e.g.,, PUCCHs, PRACHs and PUSCHs) are
unchanged and determined as the transmit power of the
uplink channels/signals in the transmission time segment
obtained after the power control; and if there is no w(i) of
other than zero (that is, the sum of the target transmit power
of the remaining channels/signals still exceeds the maximum
transmit power allowed by the UE when the target transmit
power of the SRSs is scaled down to zero), then further the
target transmit power of the channels/signals with the sec-
ond lowest priority needs to be scaled down with an equal
proportion, and taking the second lowest priority of
PUSCHs without UCI as an example, the target transmit
power of the PUSCHs without UCI is scaled down with an
equal proportion in the equation of (6), wherein j represents
the serial number of a PUSCH with UCI, and so on until the
limited maximum transmit power is satisfied; and particu-
larly in the transmission time segment, neither SRSs nor
PRACHS are transmitted, and then firstly the power of the
PUSCHs is scaled down with an equal proportion, and the
equation of (6) is equivalent to w(i)- (PPUSCH2(1)+PPUSCI1,3
O+Ppuscrra)=(P carax()- PPUCCH,l(l)) and a value of
w(i) (a factor) satisfying the equation is found, and the
transmit power, obtained after the power control, of the
PUCCH over the carrier 1 in the current sub-frame in the
current transmission time segment is determined as
Proccsr(D=Ppuces, (i) and the transmit power, obtained
after the power control, of the PUSCHs over the carriers 2,
3 and 4 in the current transmission time segment is deter-
mlned as PPUSCHz A=W PPUSCH 2(1) PPUSCH3 H=w

@) PPUSCH,3(1) and PPUSCH,4,¢2(1)WV(1) PPUSCH,4(1) respec-
tively;

i) Pogs (i) < ®

(i’CMAX(i) - Z Pruccn (i) - Z Pruscre(i) - Z PPRACH,c(i)];

and
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-continued
7wl Prusci.e(d) < ©

c,cEj

(PCMAX(Z.) - Z Poucene(D - Z Popaci,o(D - Z PPUSCH,j(i)]
¢ ¢ J

In the time segment t3, since the PUCCH over the carrier
1 and the PUSCH over the carrier 2 are transmitted in the
succeeding adjacent sub-frame (the sub-frame i+1), firstly
the UE determines the target transmit power Ppyrecpr; (i+1)
of the PUCCH over the carrier 1 and the target transmit
power Ppygep 5(1+1) of the PUSCH over the carrier 2 in the
succeeding adjacent sub-frame (the sub-frame i+1). The UE
needs to perform power control in the transmission time
segment by taking into account the target transmit power of
the PUCCH over the carrier 1 and the PUSCH over the
carrier 2 in the sub-frame i+1, so the UE determines whether
the sum of the target transmit power of the uplink channels/
signals in the current sub-frame transmitted in the transmis-
sion time segment and the transmit power of the uplink
channels/signals transmitted concurrently in the succeeding
adjacent sub-frame to the current sub-frame exceeds the
maximum transmit power Poaray allowed by the UE.

When it is determined that PPUCCH 1(1+1)+PPUSCH L+
l)+PPUSCH 3(1)+PPUSCH4(1)<PCMAX(1) no power will be
scaled down in the transmission time segment, and the target
transmit power of the respective uplink channels/signals are
determined as the transmit power obtained after the power
control, i.e., Pruscran()y
and

Pruscrrs =P puscera(i):
Pruscera), Pruvccr, s+ 1) Ppyccr, (i+1)
Pruscerz,s(+1)7Ppyscr2(+1).

When it is determined that PPUCCH1(1+1)+PPUSCH2(1+
l)+PPUSCH3(1)+PPUSCH L)L oaux(D), power control will
be performed at least on the target transmit power of the
PUSCHs over the carriers 3 and 4 in the transmission time
segment to satisfy that the sum of the transmit power,
obtained after the power control, of the uplink channels/
signals in the transmission time segment in the current
sub-frame and the transmit power, obtained after the power
control, of the uplink channels/signals transmitted concur-
rently in the succeeding adjacent sub-frame does not
exceeds the maximum transmit power allowed by the UE,
particularly as follows:

In a first scheme, the target transmit power of the uplink
channels/signals in the current sub-frame and the uplink
channels/signals in the succeeding sub-frame transmitted
concurrently in the transmission time segment is scaled
down with an equal proportion in the equation of (7),
wherein ¢ represents the serial number of a carrier, and i
represents the serial number of a sub-frame; and particularly
in the transmission time segment, neither SRSs nor
PRACHS are transmitted, and the PUCCH over the carrier 1
and the PUSCH over the carrier 2 are transmitted concur-
rently in the succeeding adjacent sub-frame, and then equa-
tion of (7) is equlvalent to W(l) (PPUCCH 1(1+l)+PPUSCH2(1+
l)+PPUSCH 3(1)+PPUSCH4(1))<PCMAX(1) and a value of w(i)
(a factor) satisfying the equation is found, and the transmit
power, obtained after the power control, of the PUCCH and
the PUSCH over the carriers 1 and 2 in the succeeding
sub-frame in the current transmission time segment is deter-
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mined  as  Pppecp al+])=Wi)Pppecs, (i+1)  and
P PUSCH’z,t3(i+l)w(i)f’PUSCH’z(iH) and the transmit power,
obtained after the power control, of the PUSCHs over the
carriers 3 and 4 in the current sub-frame in the current
transmission time segment is determined as Py g0z 5 5(1)=

w(i) PPUSCH 5(1) and Pruscras D)=w()- PPUSCH (1) respec-
tively;

w(i)- (Z Pruccn (i) + Z Pruscre(i) + Z Pops,c(i) + Q)

ZPPRACHC(Z)+ Z Pruscupli+ 1) + Z Pruscupli+ 1) +

ke ke

Z Porsali+ 1)+ Z Ppraci (i + 1)] = (Pouax ()

kk#c kkFe

In a second scheme, the target transmit power of the
channels/signals with the lowest priority in the current
sub-frame and the succeeding sub-frame transmitted con-
currently in the transmission time segment is scaled down
with an equal proportion according to the channel/signal
priorities. Firstly the target transmit power of the channels/
signals with the lowest priority is scaled down with an equal
proportion, and taking the lowest priority of SRSs as an
example, the target transmit power of the SRSs (if any) is
scaled down with an equal proportion in the equation of (8),
and if there is w(i) of other than zero, then power scaling
down will be terminated, and the target transmit power of the
channels/signals with the other priorities (e.g., PUCCHs,
PRACHSs and PUSCHs) are unchanged and determined as
the transmit power of the uplink channels/signals in the
transmission time segment obtained after the power control;
and if there is no w(i) of other than zero (that is, the sum of
the target transmit power of the remaining channels/signals
still exceeds the maximum transmit power allowed by the
UE when the target transmit power of the SRSs is scaled
down to zero), then further the target transmit power of the
channels/signals with the second lowest priority needs to be
scaled down with an equal proportion, and taking the second
lowest priority of PUSCHs without UCI as an example, the
target transmit power of the PUSCHs without UCI is scaled
down with an equal proportion in the equation of (9),
wherein j1 represents the serial number of a PUSCH with
UCT in the current sub-frame, and j2 represents the serial
number of a PUSCH with UCI in the succeeding sub-frame,
and so on until the limited maximum transmit power is
satisfied; and particularly in the transmission time segment,
neither SRSs nor PRACHs are transmitted, and then firstly
the power of the PUSCHs is scaled down with an equal
proportion, and the equation of (9) is equivalent to w(i)-
Pruscr20+D+P puscrs(DHP puscrra)=C cazaxd)-
Popccu,1(i+1)), and a value of w(i) (a factor) satisfying the
equation is found, and the transmit power, obtained after the
power control, of the PUCCH and the PUSCH over the
carrier 1 and the carrier 2 in the succeeding sub-frame in the
current transmission time segment is determined as
Prvccra(+ 1) Ppycer, (i+1) - and  Ppyscoprs s0+1)=
W(i) Ppysepo(i+1) respectively, and the transmit power,
obtained after the power control, of the PUSCHs over the
carrier 3 and the carrier 4 in the current sub-frame in the
current transmission time segment is determined as
Pp USCH 3,23 D=wWDPruscrs@  and  Pryscpa =W
) Ppuscr.all) respectively;
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w(i)-(z Pasc+ i’m,k(z‘)] < ®
z Ghre
(i)CMAX(i) - Z Pruccre(i) - Z Prusci,c(d) -
Z Prgaci.c(i) - Z Prycenuli+1) -
z Chze
Z Prusciili+1) - Z Prracuili+ 1)];
kk#c P
and
)

w(i)- (Z Pruscue( +

Z Pruscii (i)] =

ke

(PCMAX - Z Poucen,(D - Z Pousci () — Z Prraci,o(D) -
z I z

Z Poucenp(i+ 1) —Z Pousc,pli+ 1) - Z Prraci(i+ 1)]

kkFe 2 ke

In the three transmission time segments in the current
sub-frame, the UE transmits the uplink channels/signals in
each of the periods of time respectively with the transmit
power in the time segment obtained after the power control,
that is, each of the uplink channels may be transmitted with
different transmit power in the different transmission time
segments; or for each of the uplink channels/signals, the UE
transmits the uplink channel in the current uplink sub-frame
with the lowest transmit power of the uplink channel in the
different transmission time segments obtained after the
power control, that is, each of the uplink channels is trans-
mitted at the same transmit power in the different transmis-
sion time segments. Preferably the latter transmission
scheme is adopted for PUSCHs modulated at a higher order
(e.g., modulated by 16QAM and 64QAM).

It shall be noted that the maximum transmit power
allowed by the UE in the embodiments above can be
replaced by the maximum transmit power allowed in a
frequency band without departing from the scope of the
invention, that is, for the carriers in the same frequency
band, their power can also be scaled down based upon the
maximum transmit power allowed in the frequency band as
in the foregoing solution so as to ensure that the sum of the
transmit power of the respective channels/signals scaled
down in power does not exceed the maximum transmit
power allowed in the frequency band; and if the UE also
operates over carriers in other frequency bands, then power
can also be scaled down in each of the frequency bands
based upon the maximum transmit power allowed in the
frequency band as in the method above.

It shall be noted that f’PUCCHZO when there are no
PUCCHs in the current sub-frame and/or the preceding
sub-frame and/or the succeeding sub-frame. P, ;=0
when there are no PUSCHs in the current sub-frame and/or
the preceding sub-frame and/or the succeeding sub-frame.
f’SR 0 when there are no SRSs in the current sub-frame
and/or the preceding sub-frame and/or the succeeding sub-
frame. P,z , =0 when there are no PRACHs in the current
sub-frame and/or the preceding sub-frame and/or the suc-
ceeding sub-frame. The method above will be equally appli-
cable when the PUCCHs, the PUSCHs, the PRACHSs, the
SRSs or other uplink channels/signals are located differently
for transmission, that is, the method above will also be
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applicable for any combination of the PUCCHSs, the
PUSCHs, the PRACHSs, the SRSs or the other uplink chan-
nels/signals for transmission.

Referring to FIG. 4, a user equipment in this embodiment
includes a target power calculation module 401, a time
segment division module 402 and a power control module
403.

The target power calculation module 401 is configured for
the user equipment to determine target transmit power of
each of uplink channels/signals transmitted in a current
uplink sub-frame.

The time segment division module 402 is configured to
divide transmission time of the uplink channels/signals in
the current uplink sub-frame into multiple transmission time
segments, wherein the uplink channels/signals included in
any one of the transmission time segments are the same at
any time, and uplink channels/signals included in any one of
the transmission time segments are different from uplink
channels/signals included in any other one of the transmis-
sion time segments.

The power control module 403 is configured to perform
power control, in each of the transmission time segments, on
the target transmit power of the uplink channels/signals
transmitted in the transmission time segment to satisfy that
the sum of transmit power, obtained after the power control,
of the uplink channels/signals transmitted in the transmis-
sion time segment does not exceed preset maximum transmit
power of the user equipment.

The time segment division module 402 is further config-
ured to divide the transmission time of the uplink channels/
signals in the current uplink sub-frame into the multiple
transmission time segments according to timing advance
corresponding to the respective uplink channels/signals,
wherein the number of transmission time segments is the
number of uplink carriers, aggregated by the user equipment
or activated, with different timing advance plus one.

The power control module 403 is further configured:

To determine, in each of the transmission time segments,
whether the sum of the target transmit power of the uplink
channels/signals in the current uplink sub-frame transmitted
in the transmission time segment and the transmit power of
the other uplink channels/signals transmitted in the trans-
mission time segment exceeds the preset maximum transmit
power.

When exceeding is determined, to perform power control
on the target transmit power of the uplink channels/signals
transmitted in the transmission time segment to satisfy that
the sum of the transmit power, obtained after the power
control, of the uplink channels/signals in the current uplink
sub-frame and the transmit power, obtained after the power
control, of the other uplink channels/signals in the transmis-
sion time segment does not exceed the preset maximum
transmit power.

When no exceeding is determined, to determine the target
transmit power of the uplink channel/signals in the current
uplink sub-frame as the transmit power of the uplink chan-
nels/signals in the time segment.

When exceeding is determined, the power control module
403 is further configured:

To perform power control on the target transmit power of
the uplink channels/signals in the current uplink sub-frame
transmitted in the transmission time segment based upon the
transmit power of the other uplink channels/signals trans-
mitted in the transmission time segment to satisfy that the
sum of the transmit power, obtained after the power control,
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of the uplink channels/signals in the current uplink sub-
frame in the transmission time segment does not exceed
currently available maximum transmit power, wherein the
currently available maximum transmit power is the preset
maximum transmit power minus the transmit power of the
other uplink channels/signals; or

To perform power control on the target transmit power of
the other uplink channels/signals transmitted in the trans-
mission time segment and the target transmit power of the
uplink channels/signals in the current uplink sub-frame
transmitted in the transmission time segment to satisfy that
the sum of the transmit power, obtained after the power
control, of the uplink channels/signals in the current uplink
sub-frame and the transmit power, obtained after the power
control, of the other uplink channels/signals in the transmis-
sion time segment does not exceed the preset maximum
transmit power; or

To perform power control on the target transmit power of
the uplink channels/signals in the current uplink sub-frame
transmitted in the transmission time segment to satisfy that
the sum of the transmit power, obtained after the power
control, of the uplink channels/signals in the current uplink
sub-frame in the transmission time segment does not exceed
the preset maximum transmit power.

The power control module 403 configured to perform
power control, in each of the transmission time segments, on
the target transmit power of the uplink channels/signals, for
which power control is required, transmitted in the trans-
mission time segment is further configured:

To scale down the target transmit power of the uplink
channels/signals, for which power control is required, trans-
mitted in the transmission time segment with an equal
proportion to determine the transmit power of the uplink
channels/signals in the transmission time segment obtained
after the power control; or

To scale down the power of the uplink channels/signals,
for which power control is required, transmitted in the
transmission time segment sequentially in an order of
ascending channel/signal priorities and to scale down the
target transmit power of multiple uplink channels/signals
with the same channel/signal priority with an equal propor-
tion to determine the transmit power of the uplink channels/
signals in the transmission time segment obtained after the
power control, wherein the target transmit power of the
uplink channels/signals without power scaling down are
determined as the transmit power of the uplink channels/
signals in the transmission time segment obtained after the
power control; or

To scale down the target transmit power of the uplink
channels/signals in the same frequency band among the
uplink channels/signals, for which power control is required,
transmitted in the transmission time segment with an equal
proportion and to scale down the target transmit power of the
uplink channels/signals in different frequency bands among
the uplink channels/signals, for which power control is
required, transmitted in the transmission time segment with
power scaling down factors corresponding to their frequency
bands to determine the transmit power of the respective
uplink channels/signals in the transmission time segment
obtained after the power control; or

To scale down, sequentially in an order of ascending
channel/signal priorities, the target transmit power of the
uplink channels/signals, in the same frequency band, with
the same channel/signal priority among the uplink channels/
signals, for which power control is required, transmitted in
the transmission time segment, with an equal proportion and
the target transmit power of the uplink channels/signals, in
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different frequency bands, with the same channel/signal
priority among the uplink channels/signals, for which power
control is required, transmitted in the transmission time
segment with power scaling down factors corresponding to
their frequency bands to determine the transmit power of the
respective uplink channels/signals in the transmission time
segment obtained after the power control, wherein the target
transmit power of the uplink channels/signals with the
power scaling down factor of 1 are determined as the
transmit power of the uplink channels/signals in the trans-
mission time segment obtained after the power control, and
the target transmit power of the uplink channels/signals
without power scaling down are determined as the transmit
power of the uplink channels/signals in the transmission
time segment obtained after the power control.

Particularly the uplink channels/signals for which power
scaling down is required are the uplink channels/signals in
the current uplink sub-frame transmitted in the transmission
time segment or the uplink channels/signals in the current
uplink sub-frame transmitted in the transmission time seg-
ment and the other uplink channels/signals transmitted in the
transmission time segment.

Preferably the channel/signal priorities are:

A PUCCH>a PUSCH with UCI»a PUSCH without
UCI>an SRS; or

A PUCCH>a PUSCH with UCI»a PUSCH without
UCI=an SRS; or

If there is a PRACH, then:

A PRACH>a PUCCH>a PUSCH with UCI>a PUSCH
without UCI>an SRS; or

A PRACH>a PUCCH>a PUSCH with UCI>a PUSCH
without UCI=an SRS; or

A PUCCH>a PRACH>a PUSCH with UCI>a PUSCH
without UCI>an SRS; or

A PUCCH>a PRACH>a PUSCH with UCI>a PUSCH
without UCI=an SRS.

Particularly the other uplink channels/signals may
include: uplink channels/signals in a preceding adjacent
uplink sub-frame to the current uplink sub-frame and/or
uplink channels/signals in a succeeding adjacent uplink
sub-frame to the current uplink sub-frame transmitted in the
transmission time segment; or the other uplink channels/
signals are a null set.

The power control module 403 configured to perform
power control in each of the transmission time segments on
the target transmit power of the uplink channels/signals
transmitted in the transmission time segment is further
configured:

To determine the lowest value among the transmit power,
obtained after the power control, of the uplink channels/
signals in the current uplink sub-frame in the respective
transmission time segments as the transmit power of the
uplink channels/signals in the respective transmission time
segments in the current uplink sub-frame and to transmit the
respective uplink channels/signals in the current uplink
sub-frame with the transmit power; or

To transmit the uplink channels/signals in the current
uplink sub-frame respectively with the transmit power of the
respective uplink channels/signals in the current uplink
sub-frame in each of the transmission time segments
obtained after the power control.

When the power control module transmits the uplink
channels/signals in the current uplink sub-frame respec-
tively with the transmit power of the respective uplink
channels/signals in the current uplink sub-frame in each of
the transmission time segments obtained after the power
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control, the uplink channels/signals are uplink channels/
signals modulated by BPSK or QPSK in the current uplink
sub-frame.

The preset maximum transmit power in an embodiment
includes the maximum transmit power allowed by the user
equipment and/or the maximum transmit power allowed in
each of the frequency bands.

Due to different timing advance corresponding to respec-
tive uplink channels/signals in an uplink sub-frame, in
embodiments of the invention, transmission time of uplink
channels/signals in an uplink sub-frame are divided into
multiple transmission time segments, and power control is
performed in each of the transmission time segments on the
respective uplink channels/signals in the uplink sub-frame to
satisfy that the sum of transmit power, obtained after the
power control, of the uplink channels/signals transmitted in
the transmission time segment does not exceed preset maxi-
mum transmit power of a user equipment and thus a system
can operate normally. In the embodiments of the invention,
uplink channels to be scaled down in power can be adapted
in numerous schemes to uplink transmission with different
priorities and/or in different bands.

Those skilled in the art shall appreciate that the embodi-
ments of the invention can be embodied as a method, a
system or a computer program product. Therefore the inven-
tion can be embodied in the form of an all-hardware embodi-
ment, an all-software embodiment or an embodiment of
software and hardware in combination. Furthermore the
invention can be embodied in the form of a computer
program product embodied in one or more computer useable
storage mediums (including but not limited to a disk
memory, a CD-ROM, an optical memory, etc.) in which
computer useable program codes are contained.

The invention has been described in a flow chart and/or a
block diagram of the method, the device (system) and the
computer program product according to the embodiments of
the invention. It shall be appreciated that respective flows
and/or blocks in the flow chart and/or the block diagram and
combinations of the flows and/or the blocks in the flow chart
and/or the block diagram can be embodied in computer
program instructions. These computer program instructions
can be loaded onto a general-purpose computer, a specific-
purpose computer, an embedded processor or a processor of
another programmable data processing device to produce a
machine so that the instructions executed on the computer or
the processor of the other programmable data processing
device create means for performing the functions specified
in the flow(s) of the flow chart and/or the block(s) of the
block diagram.

These computer program instructions can also be stored
into a computer readable memory capable of directing the
computer or the other programmable data processing device
to operate in a specific manner so that the instructions stored
in the computer readable memory create an article of manu-
facture including instruction means which perform the func-
tions specified in the flow(s) of the flow chart and/or the
block(s) of the block diagram.

These computer program instructions can also be loaded
onto the computer or the other programmable data process-
ing device so that a series of operational steps are performed
on the computer or the other programmable data processing
device to create a computer implemented process so that the
instructions executed on the computer or the other program-
mable device provide steps for performing the functions
specified in the flow(s) of the flow chart and/or the block(s)
of the block diagram.
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Although the preferred embodiments of the invention
have been described, those skilled in the art benefiting from
the underlying inventive concept can make additional modi-
fications and variations to these embodiments. Therefore the
appended claims are intended to be construed as encom-
passing the preferred embodiments and all the modifications
and variations coming into the scope of the invention.

Evidently those skilled in the art can make various
modifications and variations to the invention without depart-
ing from the essence and scope of the invention. Thus the
invention is also intended to encompass these modifications
and variations thereto so long as the modifications and
variations come into the scope of the claims appended to the
invention and their equivalents.

What is claimed is:

1. A method of controlling uplink power comprising:

a user equipment determining target transmit power of
each of at least one of uplink channels and uplink
signals transmitted in a current uplink sub-frame;

the user equipment dividing transmission time of at least
one of the uplink channels and the uplink signals in the
current uplink sub-frame into multiple transmission
time segments, wherein at least one of the uplink
channels and the uplink signals comprised in any one of
the transmission time segments are the same at any
time, and at least one of the uplink channels and the
uplink signals comprised in any one of the transmission
time segments are different from at least one of the
uplink channels and the uplink signals comprised in
any other one of the transmission time segments; and

the user equipment performing power control, in each of
the transmission time segments, on target transmit
power of at least one of the uplink channels and the
uplink signals transmitted in the transmission time
segment to satisfy that a sum of transmit power,
obtained after the power control, of at least one of the
uplink channels and the uplink signals transmitted in
the transmission time segment does not exceed preset
maximum transmit power of the user equipment;

wherein the user equipment performing power control, in
each of the transmission time segments, on target
transmit power of at least one of the uplink channels
and the uplink signals transmitted in the transmission
time segment comprises:

the user equipment determining, in each of the transmis-
sion time segments, whether a sum of target transmit
power of at least one of the uplink channels and the
uplink signals in the current uplink sub-frame trans-
mitted in the transmission time segment and transmit
power of at least other uplink channels and other uplink
signals transmitted in the transmission time segment
exceeds the preset maximum transmit power; and

when exceeding is determined, the user equipment per-
forming power control on the target transmit power of
at least one of the uplink channels and the uplink
signals transmitted in the transmission time segment to
satisfy that a sum of transmit power, obtained after the
power control, of at least one of the uplink channels and
the uplink signals in the current uplink sub-frame and
the transmit power, obtained after the power control, of
at least one of the other uplink channels and the other
uplink signals, in the transmission time segment does
not exceed the preset maximum transmit power,
wherein at least one of the other uplink channels and
the other uplink signals comprise at least one of at least
one of the uplink channels and the uplink signals in a
preceding adjacent uplink sub-frame to the current
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uplink sub-frame, and at least one of the uplink chan-
nels and the uplink signals in a succeeding adjacent
uplink sub-frame to the current uplink sub-frame trans-
mitted in the transmission time segment; and

when no exceeding is determined, the user equipment

determining the target transmit power of at least one of
the uplink channels and the uplink signals in the current
uplink sub-frame as the transmit power of at least one
of the uplink channels and the uplink signals in the
transmission time segment;

wherein when exceeding is determined, the user equip-

ment performing power control on the target transmit
power of at least one of the uplink channels and the
uplink signals transmitted in the transmission time
segment to satisty that the sum of the transmit power,
obtained after the power control, of at least one of the
uplink channels and the uplink signals in the current
uplink sub-frame and the transmit power, obtained after
the power control, of at least one of the other uplink
channels and the other uplink signals transmitted in the
transmission time segment does not exceed the preset
maximum transmit power comprises:

the user equipment performing power control on the

target transmit power of at least one of the uplink
channels and the uplink signals in the current uplink
sub-frame transmitted in the transmission time segment
based upon the transmit power of at least one of the
other uplink channels and the other uplink signals
transmitted in the transmission time segment to satisty
that a sum of the transmit power, obtained after the
power control, of at least one of the uplink channels and
the uplink signals in the current uplink sub-frame in the
transmission time segment does not exceed currently
available maximum transmit power, wherein the cur-
rently available maximum transmit power is the preset
maximum transmit power minus the transmit power of
at least one of the other uplink channels and the other
uplink signals, and at least one of the other uplink
channels and the other uplink signals comprise at least
one of at least one of the uplink channels and the uplink
signals in the preceding adjacent uplink sub-frame to
the current uplink sub-frame, and at least one of the
uplink channels and the uplink signals in the succeed-
ing adjacent uplink sub-frame to the current uplink
sub-frame transmitted in the transmission time seg-
ment; or

the user equipment performing power control on target

transmit power of at least one of the other uplink
channels and the other uplink signals transmitted in the
transmission time segment and the target transmit
power of at least one of the uplink channels and the
uplink signals in the current uplink sub-frame, trans-
mitted in the transmission time segment, to satisfy that
the sum of the transmit power, obtained after the power
control, of at least one of the uplink channels and the
uplink signals in the current uplink sub-frame and the
transmit power, obtained after the power control, of at
least one of the other uplink channels and the other
uplink signals, in the transmission time segment does
not exceed the preset maximum transmit power,
wherein at least one of the other uplink channels and
the other uplink signals comprise at least one of at least
one of the uplink channels and the uplink signals in the
preceding adjacent uplink sub-frame to the current
uplink sub-frame, and at least one of the uplink chan-
nels and the uplink signals in the succeeding adjacent
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uplink sub-frame to the current uplink sub-frame trans-
mitted in the transmission time segment.

2. The method of claim 1, wherein the user equipment
dividing the transmission time of at least one of the uplink
channels and the uplink signals in the current uplink sub-
frame into the multiple transmission time segments com-
prises: the user equipment dividing the transmission time of
at least one of the uplink channels and the uplink signals in
the current uplink sub-frame into the multiple transmission
time segments, according to timing advance corresponding
to at least one of the respective uplink channels and the
respective uplink signals, wherein the number of transmis-
sion time segments is the number of uplink carriers, aggre-
gated by the user equipment or activated, with different
timing advance plus one.

3. The method of claim 1, wherein the user equipment
performing power control, in each of the transmission time
segments, on the target transmit power of at least one of the
uplink channels and the uplink signals, for which power
control is required, transmitted in the transmission time
segment comprises:

the user equipment scaling down the target transmit

power of at least one of the uplink channels and the
uplink signals, for which power control is required,
transmitted in the transmission time segment, with an
equal proportion to determine the transmit power of at
least one of the uplink channels and the uplink signals
in the transmission time segment obtained after the
power control; or

the user equipment scaling down the target transmit

power of at least one of the uplink channels and the
uplink signals, for which power control is required,
transmitted in the transmission time segment, sequen-
tially in an order of ascending channel/signal priorities,
and scaling down target transmit power of at least one
of multiple uplink channels and multiple uplink signals
with the same channel/signal priority with an equal
proportion to determine the transmit power of at least
one of the uplink channels and the uplink signals in the
transmission time segment obtained after the power
control, wherein target transmit power of at least one of
the uplink channels and the uplink signals without
power scaling down are determined as the transmit
power of at least one of the uplink channels and the
uplink signals in the transmission time segment
obtained after the power control; or

the user equipment scaling down target transmit power of

at least one of the uplink channels and the uplink
signals in the same frequency band among at least one
of the uplink channels and the uplink signals, for which
power control is required, transmitted in the transmis-
sion time segment, with an equal proportion, and
scaling down target transmit power of at least one of the
uplink channels and the uplink signals in different
frequency bands among at least one of the uplink
channels and the uplink signals, for which power
control is required, transmitted in the transmission time
segment, with power scaling down factors correspond-
ing to the frequency bands to determine the transmit
power of at least one of the respective uplink channels
and the respective uplink signals in the transmission
time segment obtained after the power control; or

the user equipment scaling down, sequentially in an order

of ascending channel/signal priorities, target transmit
power of at least one of the uplink channels and the
uplink signals, in the same frequency band, with the
same channel/signal priority among at least one of the
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uplink channels and the uplink signals, for which
power control is required, transmitted in the transmis-
sion time segment, with an equal proportion, and target
transmit power of at least one of the uplink channels
and the uplink signals, in different frequency bands,
with the same channel/signal priority among at least
one of the uplink channels and the uplink signals, for
which power control is required, transmitted in the
transmission time segment, with power scaling down
factors corresponding to the frequency bands to deter-
mine the transmit power of at least one of the respective
uplink channels and the respective uplink signals in the
transmission time segment obtained after the power
control, wherein target transmit power of at least one of
the uplink channels and the uplink signals with a power
scaling down factor of 1 are determined as the transmit
power of at least one of the uplink channels and the
uplink signals in the transmission time segment
obtained after the power control, and target transmit
power of at least one of the uplink channels and the
uplink signals without power scaling down are deter-
mined as the transmit power of at least one of the uplink
channels and the uplink signals in the transmission time
segment obtained after the power control; and

wherein at least one of the uplink channels and the uplink
signals for which power scaling down is required are at
least one of the uplink channels and the uplink signals
in the current uplink sub-frame transmitted in the
transmission time segment or at least one of the uplink
channels and the uplink signals in the current uplink
sub-frame transmitted in the transmission time segment
and at least one of the other uplink channels and the
other uplink signals transmitted in the transmission
time segment, and at least one of the other uplink
channels and the other uplink signals comprise at least
one of at least one of the uplink channels and the uplink
signals in the preceding adjacent uplink sub-frame to
the current uplink sub-frame, and at least one of the
uplink channels and the uplink signals in the succeed-
ing adjacent uplink sub-frame to the current uplink
sub-frame transmitted in the transmission time seg-
ment.

4. The method of claim 3, wherein the channel/signal
priorities are:

a Physical Uplink Control Channel, PUCCH >a Physical
Uplink Shared Channel, PUSCH, with Unlink Control
Information, UCI >a PUSCH without UCI >a Sounding
Reference Signal, SRS; or

a PUCCH >a PUSCH with UCI >a PUSCH without UCI
=an SRS; or

if there is a Physical Random Access Channel, PRACH,
then:

a PRACH >a PUCCH >a PUSCH with UCI >a PUSCH
without UCI >an SRS; or

a PRACH >a PUCCH >a PUSCH with UCI >a PUSCH
without UCI =an SRS; or

a PUCCH >a PRACH >a PUSCH with UCI >a PUSCH
without UCI >an SRS; or

a PUCCH >a PRACH >a PUSCH with UCI >a PUSCH
without UCI =an SRS.

5. The method of claim 1, further comprising: after the
user equipment performs power control, in each of the
transmission time segments, on the target transmit power of
at least one of the uplink channels and the uplink signals
transmitted in the transmission time segment,

the user equipment determining the lowest value among
the transmit power of at least one of the uplink channels
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and the uplink signals in the current uplink sub-frame
in the respective transmission time segments as the
transmit power of at least one of the uplink channels
and the uplink signals in the respective transmission
time segments in the current uplink sub-frame, and
transmitting at least one of the respective uplink chan-
nels and the respective uplink signals in the current
uplink sub-frame with the transmit power; or

the user equipment transmitting at least one of the uplink
channels and the uplink signals in the current uplink
sub-frame respectively with the transmit power of at
least one of the uplink channels and the uplink signals
in the current uplink sub-frame in each of the trans-
mission time segments obtained after the power con-
trol.

6. The method of claim 5, wherein when the user equip-
ment transmits at least one of the uplink channels and the
uplink signals in the current uplink sub-frame respectively
with the transmit power of at least one of the uplink channels
and the uplink signals in the current uplink sub-frame in
each of the transmission time segments obtained after the
power control, at least one of the uplink channels and the
uplink signals are at least one of the uplink channels and the
uplink signals modulated by Binary Phase Shift Keying,
BPSK, or Quadrature Phase Shift Keying, QPSK, in the
current uplink sub-frame.

7. The method of claim 1, wherein the preset maximum
transmit power comprises at least one of maximum transmit
power allowed by the user equipment and maximum trans-
mit power allowed in each of frequency bands.

8. A user equipment comprising:

a target power calculation module configured for the user
equipment to determine target transmit power of each
of at least one of uplink channels and uplink signals
transmitted in a current uplink sub-frame;

a time segment division module to divide transmission
time of at least one of the uplink channels and the
uplink signals in the current uplink sub-frame into
multiple transmission time segments, wherein at least
one of the uplink channels and the uplink signals
comprised in any one of the transmission time seg-
ments are the same at any time, and at least one of the
uplink channels and the uplink signals comprised in
any one of the transmission time segments are different
from at least one of the uplink channels and the uplink
signals comprised in any other one of the transmission
time segments; and

a power control module to perform power control, in each
of the transmission time segments, on target transmit
power of at least one of the uplink channels and the
uplink signals transmitted in the transmission time
segment to satisfy that a sum of transmit power,
obtained after the power control, of at least one of the
uplink channels and the uplink signals transmitted in
the transmission time segment does not exceed preset
maximum transmit power of the user equipment;

wherein the power control module is further configured:

to determine, in each of the transmission time segments,
whether a sum of target transmit power of at least one
of the uplink channels and the uplink signals in the
current uplink sub-frame transmitted in the transmis-
sion time segment and transmit power of at least one of
other uplink channels and other uplink signals trans-
mitted in the transmission time segment exceeds the
preset maximum transmit power; and

when exceeding is determined, to perform power control
on the target transmit power of at least one of the uplink
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channels and the uplink signals transmitted in the
transmission time segment to satisfy that a sum of
transmit power, obtained after the power control, of at
least one of the uplink channels and the uplink signals
in the current uplink sub-frame and the transmit power,
obtained after the power control, of at least one of the
other uplink channels and the other uplink signals, in
the transmission time segment does not exceed

the preset maximum transmit power, wherein at least one

of the other uplink channels and the other uplink
signals comprise at least one of at least one of the
uplink channels and the uplink signals in a preceding
adjacent uplink sub-frame to the current uplink sub-
frame, and at least one of the uplink channels and the
uplink signals in a succeeding adjacent uplink sub-
frame to the current uplink sub-frame transmitted in the
transmission time segment; and

when no exceeding is determined, to determine the target

transmit power of the uplink channel/signals in the
current uplink sub-frame as the transmit power of at
least one of the uplink channels and the uplink signals
in the transmission time segment;

wherein when exceeding is determined, the power control

module is further configured:

to perform power control on the target transmit power of

at least one of the uplink channels and the uplink
signals in the current uplink sub-frame transmitted in
the transmission time segment based upon the transmit
power of at least one of the other uplink channels and
the other uplink signals transmitted in the transmission
time segment to satisfy that a sum of the transmit
power, obtained after the power control, of at least one
of the uplink channels and the uplink signals in the
current uplink sub-frame in the transmission time seg-
ment does not exceed currently available maximum
transmit power, wherein the currently available maxi-
mum transmit power is the preset maximum transmit
power minus the transmit power of at least one of the
other uplink channels and the other uplink signals, and
at least one of the other uplink channels and the other
uplink signals comprise at least one of at least one of
the uplink channels and the uplink signals in the
preceding adjacent uplink sub-frame to the current
uplink sub-frame, and at least one of the uplink chan-
nels and the uplink signals in the succeeding adjacent
uplink sub-frame to the current uplink sub-frame trans-
mitted in the transmission time segment; or

to perform power control on target transmit power of at

least one of the other uplink channels and the other
uplink signals transmitted in the transmission time
segment and the target transmit power of at least one of
the uplink channels and the uplink signals in the current
uplink sub-frame, transmitted in the transmission time
segment, to satisty that the sum of the transmit power,
obtained after the power control, of at least one of the
uplink channels and the uplink signals in the current
uplink sub-frame and the transmit power, obtained after
the power control, of at least one of the other uplink
channels and the other uplink signals, in the transmis-
sion time segment does not exceed the preset maximum
transmit power, wherein at least one of the other uplink
channels and the other uplink signals comprise at least
one of at least one of the uplink channels and the uplink
signals in the preceding adjacent uplink sub-frame to
the current uplink sub-frame, and at least one of the
uplink channels and the uplink signals in the succeed-
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ing adjacent uplink sub-frame to the current uplink
sub-frame transmitted in the transmission time seg-
ment.

9. The user equipment of claim 8, wherein the time
segment division module is configured to divide the trans-
mission time of at least one of the uplink channels and the
uplink signals in the current uplink sub-frame into the
multiple transmission time segments according to timing
advance corresponding to at least one of the respective
uplink channels and the respective uplink signals, wherein
the number of transmission time segments is the number of
uplink carriers, aggregated by the user equipment or acti-
vated, with different timing advance plus one.

10. The user equipment of claim 8, wherein the power
control module configured to perform power control, in each
of the transmission time segments, on the target transmit
power of at least one of the uplink channels and the uplink
signals, for which power control is required, transmitted in
the transmission time segment is further configured:

to scale down the target transmit power of at least one of

the uplink channels and the uplink signals, for which
power control is required, transmitted in the transmis-
sion time segment with an equal proportion to deter-
mine the transmit power of at least one of the uplink
channels and the uplink signals in the transmission time
segment obtained after the power control; or

to scale down the target transmit power of at least one of

the uplink channels and the uplink signals, for which
power control is required, transmitted in the transmis-
sion time segment, sequentially in an order of ascend-
ing channel/signal priorities, and to scale down target
transmit power of at least one of multiple uplink
channels and multiple uplink signals with the same
channel/signal priority with an equal proportion to
determine the transmit power of at least one of the
uplink channels and the uplink signals in the transmis-
sion time segment obtained after the power control,
wherein target transmit power of at least one of the
uplink channels and the uplink signals without power
scaling down are determined as the transmit power of
at least one of the uplink channels and the uplink
signals in the transmission time segment obtained after
the power control; or

to scale down target transmit power of at least one of the

uplink channels and the uplink signals in the same
frequency band among at least one of the uplink
channels and the uplink signals, for which power
control is required, transmitted in the transmission time
segment, with an equal proportion, and to scale down
target transmit power of at least one of the uplink
channels and the uplink signals in different frequency
bands among at least one of the uplink channels and the
uplink signals, for which power control is required,
transmitted in the transmission time segment, with
power scaling down factors corresponding to the fre-
quency bands to determine the transmit power of at
least one of the respective uplink channels and the
respective uplink signals in the transmission time seg-
ment obtained after the power control; or

to scale down, sequentially in an order of ascending

channel/signal priorities, target transmit power of at
least one of the uplink channels and the uplink signals,
in the same frequency band, with the same channel/
signal priority among at least one of the uplink chan-
nels and the uplink signals, for which power control is
required, transmitted in the transmission time segment,
with an equal proportion, and target transmit power of
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at least one of the uplink channels and the uplink
signals, in different frequency bands, with the same
channel/signal priority among at least one of the uplink
channels and the uplink signals, for which power
control is required, transmitted in the transmission time
segment, with power scaling down factors correspond-
ing to the frequency bands to determine the transmit
power of at least one of the respective uplink channels
and the respective uplink signals in the transmission
time segment obtained after the power control, wherein
target transmit power of at least one of the uplink
channels and the uplink signals with a power scaling
down factor of 1 are determined as the transmit power
of at least one of the uplink channels and the uplink
signals in the transmission time segment obtained after
the power control, and target transmit power of at least
one of the uplink channels and the uplink signals
without power scaling down are determined as the
transmit power of at least one of the uplink channels
and the uplink signals in the transmission time segment
obtained after the power control; and
wherein at least one of the uplink channels and the uplink
signals for which power scaling down is required are at
least one of the uplink channels and the uplink signals
in the current uplink sub-frame transmitted in the
transmission time segment or at least one of the uplink
channels and the uplink signals in the current uplink
sub-frame transmitted in the transmission time segment
and at least one of the other uplink channels and the
other uplink signals transmitted in the transmission
time segment, and at least one of the other uplink
channels and the other uplink signals comprise at least
one of at least one of the uplink channels and the uplink
signals in the preceding adjacent uplink sub-frame to
the current uplink sub-frame, and at least one of the
uplink channels and the uplink signals in the succeed-
ing adjacent uplink sub-frame to the current uplink
sub-frame transmitted in the transmission time seg-
ment.
11. The user equipment of claim 8, wherein the power
control module configured to perform power control, in each
of the transmission time segments, on the target transmit
power of at least one of the uplink channels and the uplink
signals transmitted in the transmission time segment is
further configured:
to determine the lowest value among the transmit power,
obtained after the power control, of at least one of the
uplink channels and the uplink signals in the current
uplink sub-frame in the respective transmission time
segments as the transmit power of at least one of the
uplink channels and the uplink signals in the respective
transmission time segments in the current uplink sub-
frame, and to transmit at least one of the respective
uplink channels and the respective uplink signals in the
current uplink sub-frame with the transmit power; or

to transmit at least one of the uplink channels and the
uplink signals in the current uplink sub-frame respec-
tively with transmit power of at least one of the uplink
channels and the uplink signals in the current uplink
sub-frame in each of the transmission time segments
obtained after the power control.

12. The method of claim 1, wherein the user equipment
performing power control, in each of the transmission time
segments, on the target transmit power of at least one of the
uplink channels and the uplink signals, for which power
control is required, transmitted in the transmission time
segment comprises:
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the user equipment scaling down the target transmit

power of at least one of the uplink channels and the
uplink signals, for which power control is required,
transmitted in the transmission time segment, with an
equal proportion to determine the transmit power of at
least one of the uplink channels and the uplink signals
in the transmission time segment obtained after the
power control; or

the user equipment scaling down the target transmit

power of at least one of the uplink channels and the
uplink signals, for which power control is required,
transmitted in the transmission time segment, sequen-
tially in an order of ascending channel/signal priorities,
and scaling down target transmit power of at least one
of multiple uplink channels and multiple uplink signals
with the same channel/signal priority with an equal
proportion to determine the transmit power of at least
one of the uplink channels and the uplink signals in the
transmission time segment obtained after the power
control, wherein target transmit power of at least one of
the uplink channels and the uplink signals without
power scaling down are determined as the transmit
power of at least one of the uplink channels and the
uplink signals in the transmission time segment
obtained after the power control; or

the user equipment scaling down target transmit power of

at least one of the uplink channels and the uplink
signals in the same frequency band among at least one
of the uplink channels and the uplink signals, for which
power control is required, transmitted in the transmis-
sion time segment, with an equal proportion, and
scaling down target transmit power of at least one of the
uplink channels and the uplink signals in different
frequency bands among at least one of the uplink
channels and the uplink signals, for which power
control is required, transmitted in the transmission time
segment, with power scaling down factors correspond-
ing to the frequency bands to determine the transmit
power of at least one of the respective uplink channels
and the respective uplink signals in the transmission
time segment obtained after the power control; or

the user equipment scaling down, sequentially in an order

of ascending channel/signal priorities, target transmit
power of at least one of the uplink channels and the
uplink signals, in the same frequency band, with the
same channel/signal priority among at least one of the
uplink channels and the uplink signals, for which
power control is required, transmitted in the transmis-
sion time segment, with an equal proportion, and target
transmit power of at least one of the uplink channels
and the uplink signals, in different frequency bands,
with the same channel/signal priority among at least
one of the uplink channels and the uplink signals, for
which power control is required, transmitted in the
transmission time segment, with power scaling down
factors corresponding to the frequency bands to deter-
mine the transmit power of at least one of the respective
uplink channels and the respective uplink signals in the
transmission time segment obtained after the power
control, wherein target transmit power of at least one of
the uplink channels and the uplink signals with a power
scaling down factor of 1 are determined as the transmit
power of at least one of the uplink channels and the
uplink signals in the transmission time segment
obtained after the power control, and target transmit
power of at least one of the uplink channels and the
uplink signals without power scaling down are deter-
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mined as the transmit power of at least one of the uplink
channels and the uplink signals in the transmission time
segment obtained after the power control; and

wherein at least one of the uplink channels and the uplink
signals for which power scaling down is required are at
least one of the uplink channels and the uplink signals
in the current uplink sub-frame transmitted in the
transmission time segment or at least one of the uplink
channels and the uplink signals in the current uplink
sub-frame transmitted in the transmission time segment
and at least one of the other uplink channels and the
other uplink signals transmitted in the transmission
time segment, and at least one of the other uplink
channels and the other uplink signals comprise at least
one of at least one of the uplink channels and the uplink
signals in the preceding adjacent uplink sub-frame to
the current uplink sub-frame, and at least one of the
uplink channels and the uplink signals in the succeed-
ing adjacent uplink sub-frame to the current uplink
sub-frame transmitted in the transmission time seg-
ment.

13. The method of claim 12, wherein the channel/signal
priorities are:

a Physical Uplink Control Channel, PUCCH >a Physical
Uplink Shared Channel, PUSCH, with Unlink Control
Information, UCI >a PUSCH without UCI >a Sounding
Reference Signal, SRS; or

a PUCCH >a PUSCH with UCI >a PUSCH without UCI
=an SRS; or

if there is a Physical Random Access Channel, PRACH,
then:

a PRACH >a PUCCH >a PUSCH with UCI >a PUSCH
without UCI >an SRS; or

a PRACH >a PUCCH >a PUSCH with UCI >a PUSCH
without UCI =an SRS; or

a PUCCH >a PRACH >a PUSCH with UCI >a PUSCH
without UCI >an SRS; or

a PUCCH >a PRACH >a PUSCH with UCI >a PUSCH
without UCI =an SRS.

14. The user equipment of claim 8, wherein the power
control module configured to perform power control, in each
of the transmission time segments, on the target transmit
power of at least one of the uplink channels and the uplink
signals, for which power control is required, transmitted in
the transmission time segment is further configured:

to scale down the target transmit power of at least one of
the uplink channels and the uplink signals, for which
power control is required, transmitted in the transmis-
sion time segment with an equal proportion to deter-
mine the transmit power of at least one of the uplink
channels and the uplink signals in the transmission time
segment obtained after the power control; or

to scale down the target transmit power of at least one of
the uplink channels and the uplink signals, for which
power control is required, transmitted in the transmis-
sion time segment, sequentially in an order of ascend-
ing channel/signal priorities, and to scale down target
transmit power of at least one of multiple uplink
channels and multiple uplink signals with the same
channel/signal priority with an equal proportion to
determine the transmit power of at least one of the
uplink channels and the uplink signals in the transmis-
sion time segment obtained after the power control,
wherein target transmit power of at least one of the
uplink channels and the uplink signals without power
scaling down are determined as the transmit power of
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at least one of the uplink channels and the uplink
signals in the transmission time segment obtained after
the power control; or

to scale down target transmit power of at least one of the

uplink channels and the uplink signals in the same
frequency band among at least one of the uplink
channels and the uplink signals, for which power
control is required, transmitted in the transmission time
segment, with an equal proportion, and to scale down
target transmit power of at least one of the uplink
channels and the uplink signals in different frequency
bands among at least one of the uplink channels and the
uplink signals, for which power control is required,
transmitted in the transmission time segment, with
power scaling down factors corresponding to the fre-
quency bands to determine the transmit power of at
least one of the respective uplink channels and the
respective uplink signals in the transmission time seg-
ment obtained after the power control; or

to scale down, sequentially in an order of ascending

channel/signal priorities, target transmit power of at
least one of the uplink channels and the uplink signals,
in the same frequency band, with the same channel/
signal priority among at least one of the uplink chan-
nels and the uplink signals, for which power control is
required, transmitted in the transmission time segment,
with an equal proportion, and target transmit power of
at least one of the uplink channels and the uplink
signals, in different frequency bands, with the same
channel/signal priority among at least one of the uplink
channels and the uplink signals, for which power
control is required, transmitted in the transmission time
segment, with power scaling down factors correspond-
ing to the frequency bands to determine the transmit
power of at least one of the respective uplink channels
and the respective uplink signals in the transmission
time segment obtained after the power control, wherein
target transmit power of at least one of the uplink
channels and the uplink signals with a power scaling
down factor of 1 are determined as the transmit power
of at least one of the uplink channels and the uplink
signals in the transmission time segment obtained after
the power control, and target transmit power of at least
one of the uplink channels and the uplink signals
without power scaling down are determined as the
transmit power of at least one of the uplink channels
and the uplink signals in the transmission time segment
obtained after the power control; and

wherein at least one of the uplink channels and the uplink

signals for which power scaling down is required are at
least one of the uplink channels and the uplink signals
in the current uplink sub-frame transmitted in the
transmission time segment or at least one of the uplink
channels and the uplink signals in the current uplink
sub-frame transmitted in the transmission time segment
and at least one of the other uplink channels and the
other uplink signals transmitted in the transmission
time segment, and at least one of the other uplink
channels and the other uplink signals comprise at least
one of at least one of the uplink channels and the uplink
signals in the preceding adjacent uplink sub-frame to
the current uplink sub-frame, and at least one of the
uplink channels and the uplink signals in the succeed-
ing adjacent uplink sub-frame to the current uplink
sub-frame transmitted in the transmission time seg-
ment.



